Irreversible cross-linking of heme to the distal tryptophan of stromal ascorbate peroxidase in response to rapid inactivation by H2O2.
Ascorbate peroxidase (APX) isoforms localized in the stroma and thylakoid membrane of chloroplasts play a central role in scavenging reactive oxygen species generated by photosystems. These enzymes are inactivated within minutes by H2O2 when the reducing substrate, ascorbate, is depleted. We found that, when the enzyme is inactivated by H2O2, a heme at the catalytic site of a stromal APX isoform is irreversibly cross-linked to a tryptophan residue facing the distal cavity. Mutation of this tryptophan to phenylalanine abolished the cross-linking and increased the half-time for inactivation from <10 to 62 s. In contrast with H2O2-tolerant peroxidases, rapid formation of the cross-link in APXs suggests that a radical in the reaction intermediate tends to be located in the distal tryptophan so that heme is easily cross-linked to it. This is the first report of a mutation that improves the tolerance of chloroplast APXs to H2O2.